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a b s t r a c t 
Anxiety disorders have been linked to a hyperactivated cortico-amygdalar circuitry. Recent ﬁndings high-
light the amygdala’s role in mediating elevated anxiety in obsessive–compulsive disorder (OCD). However,
modulation of amygdala hyperactivation by attentional distraction – an effective emotion regulation strat-
egy in healthy individuals – has not yet been examined. While undergoing functional magnetic resonance
imaging twenty-one unmedicated OCD patients and 21 controls performed an evaluation and a distraction
task during symptom provocation with individually tailored OCD-relevant pictures. To test the speciﬁcity of
responses, additional aversive and neutral stimuli were included. Signiﬁcant group-by-picture type interac-
tions were observed within fronto–striato–limbic circuits including the amygdala. In these regions patients
showed increased BOLD responses during processing of OCD triggers relative to healthy controls. Amygdala
hyperactivation was present across OCD symptom dimensions indicating that it represents a common neural
correlate. During distraction, we observed dampening of patients’ amygdala hyperactivity to OCD-relevant
stimuli. Augmented amygdala involvement in patients during symptom provocation, present across OCD
symptom dimensions, might constitute a correlate of fear expression in OCD linking it to other anxiety
disorders. Attentional distraction seemed to dampen emotional processing of disorder-relevant stimuli via
amygdala downregulation. The clinical impact of this strategy to manage anxiety in OCD should be further
elucidated. 
c © 2014 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
































 1. Introduction 
Obsessive–compulsive disorder (OCD) is characterized by un-
wanted intrusive thoughts (obsessions) and / or repetitive ritualistic
behaviors (compulsions), generally performed to relieve distress and
anxiety accompanying obsessions. The amygdala shows exaggerated
responses in various anxiety disorders, such as post-traumatic stress
disorder (PTSD) or phobias ( Etkin and Wager, 2007 ). Imaging stud-
ies investigating the neural mechanism underlying OCD symptoms
highlight the role of overactive frontostriatal pathways in mediating
obsessions. Elevated anxiety caused by these intrusive thoughts has
rather been linked to hyperactivity in the anterior cingulate cortex
(ACC) than to aberrant amygdala function ( Deckersbach et al., 2006 ).
Limited evidence for limbic hypersensitivity has been provided to
date ( Breiter et al., 1996 ; Simon et al., 2010 ) and has solely been as-
sumed for a subgroup of OCD patients with prominent contamination
fear (e.g., van den Heuvel et al., 2004 ). However, we recently provided
evidence for amygdala hyperactivation also in a multisymptomatic,* Corresponding author at:Department of Clinical Psychology,Humboldt-Universit ¨at 
zu Berlin, Rudower Chaussee 18, 12489 Berlin, Germany. 
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http://dx.doi.org/10.1016/j.nicl.2014.03.011 unmedicated patient sample, when using individually tailored stimuli
( Simon et al., 2010 ), and by using a symptom provocation paradigm
better accounting for rapid onsets and fast attenuation of amygdala
responses. Taken together, these studies highlight the role of amyg-
dalocortical, in addition to corticostriatal circuitry, in mediating anx-
iety in OCD ( Milad and Rauch, 2012 ) that needs to be further eluci-
dated. 
Patients’ ability to distract themselves from intrusive thoughts,
behaviors and accompanying elevated anxiety – and thus regulate
amygdala hyperactivity – is essential for functioning in situations
when compulsions cannot be performed. Indeed, when requested the
use of attentional distraction as coping behavior is an effective tech-
nique for managing clinically signiﬁcant intrusive thoughts ( Najmi
et al., 2009 ). Distraction alters emotional processing via attentional
shift before elaborate processing of an emotional situation has oc-
curred. While in healthy individuals as well as in patients with mood
disorders distraction effectively attenuates emotional processing by
down-regulation of amygdala activity ( Kanske et al., 2012 ), amyg-
dala hyperactivation in anxiety disorders is also present under dis-
traction or masking conditions ( Rauch et al., 2000 ; Straube et al.,
2011) . It has also been demonstrated that the effectiveness of distrac-
tion increases with attentional load of the task in healthy individuals open access article under the CC BY-NC-ND license ( http: // creativecommons.org / 


























































s Pessoa et al., 2005 ), whereas phobics show automatic amygdalar en- 
agement independent from attentional load ( Straube et al., 2011) . 
hether amygdala hypersensitivity in OCD resembles this mecha- 
ism found in other anxiety disorders has not yet been explored. 
ne OCD symptom provocation study reports amygdala hyperactiv- 
ty during a distraction task with low attentional load (categorization 
f indoor or outdoor scene ( van den Heuvel et al., 2004) ); pointing 
owards an impaired ability to down-regulate this response through 
istraction. However, before deﬁnite conclusions can be drawn, dis- 
raction should be investigated by using a task with higher attentional 
oad. 
Our ﬁrst aim was to conﬁrm ﬁndings of frontostriatal and amyg- 
ala hyperactivity during provocation with individually tailored OCD- 
elated pictures in a medication-free, multisymptomatic sample of 
CD patients. Second, we examined whether amygdala hyperactivity 
s predicted by OCD symptom dimension scores. Third, we investi- 
ated whether distraction damps amygdala hyperactivity to OCD- 
elated stimuli. 
. Materials and methods 
.1. Participants 
Twenty-one medication-free patients with OCD (13 females) were 
ecruited from the outpatient clinic at the Humboldt-Universit ¨at 
u Berlin, Germany. Diagnoses were established using the Struc- 
ured Clinical Interview for DMS-IV ( First et al., 1995 ). Severity and 
haracteristics of OCD symptoms were assessed with the clinician- 
ated Yale–Brown Obsessive–Compulsive Scale (Y-BOCS), the Y-BOCS 
ymptom Checklist ( Goodman et al., 1989a ; Goodman et al., 1989b ) 
nd the Obsessive–Compulsive Inventory—Revised (OCI-R) ( Foa et 
l., 2002 ). Only patients with a total score of 12 or higher on the Y- 
OCS were included in the present study. All patients fulﬁlled the 
riteria of OCD at the time of the study. Exclusion criteria were the 
resence of neurological illness and other major psychiatric disor- 
ers. Nine patients had one or more comorbid Axis I disorders com- 
rising major depressive disorder ( n = 4), generalized anxiety dis- 
rder ( n = 1), panic disorder ( n = 1), speciﬁc phobia ( n = 4), binge
ating disorder ( n = 1), and social phobia ( n = 1). Seven patients 
eceived cognitive-behavioral therapy at the time of testing (only 
hree had already undergone exposure and response prevention treat- 
ent). In addition, twenty-one case-by-case matched healthy con- 
rols (HCs; 13 females) entered the analysis ( Table 1 ). Participants 
urthermore completed the Beck Depression Inventory (BDI-II), the 
ontgomery–Asberg Depression Rating Scale (MADRS) ( Beck et al., 
961 ; Montgomery and Asberg, 1979 ) and the State–Trait Anxiety In- 
entory (STAI) ( Spielberger, 1983 ). Subjects were right-handed, had 
ormal or corrected-to-normal vision and provided written informed 
onsent after complete description of the study protocol, which was 
pproved by the local ethical review board. 
.2. Stimuli and procedure 
During scanning participants were exposed to individually tai- 
ored OCD-relevant pictures ( Simon et al., 2012 ) as well as generally 
versive ( Lang et al., 2005 ) and neutral control stimuli ( Fig. 1 A). Gen- 
rally aversive pictures were introduced in order to examine possible 
yperresponsivity to these stimuli in OCD patients. Patients and con- 
rols evaluated arousal, unpleasantness and anxiety induced by OC, 
V and NE pictures one week prior to scanning. Additionally, pa- 
ients rated the OCD symptoms provoked by each picture (1 = “no”
o 9 = “extreme”). Based on these symptom ratings an individualized 
timulus set comprising the 12 most relevant OC pictures was created 
or each patient (Supplementary Table S1) that was also presented to 
he yoked control subject. All stimuli were carefully matched on vi- 
ual complexity based on subjective ratings (1 = “low” to 9 = “high”) of an independent sample. 
In the scanner, participants performed either a self-referential 
evaluation or a distracting bar orientation task while viewing pic- 
tures, which were presented along with central bars in the picture 
foreground, either aligned in parallel or not ( Fig. 1B ). During evalua- 
tion, subjects attended to the target stimulus and indicated whether 
the depicted scene made them feel unpleasant or not by pressing one 
of two buttons. During distraction, subjects indicated again via button 
press whether the bars in the foreground of the picture are aligned in 
parallel or not. This task still constituted a relatively easy task with 
respect to attentional load but was more challenging than the one 
used by van den Heuvel et al. (2004) due to the fact that the con- 
tent of the picture was task-irrelevant and had to be ignored. Since 
immediate ratings would force participants to concentrate on their 
emotional response and invoke deeper processing during distraction, 
we did not request an online rating after each picture. Instead partici- 
pants provided a mean post-scan rating of unpleasantness for picture 
type by strategy. The experimental design consisted of two runs con- 
taining eighteen blocks each starting with an initial instruction screen 
indicating the type of condition and six trials of one picture category 
(OC, AV or NE). Each trial started with a green ﬁxation cross (200 ms) 
followed by the target picture (1000 ms) and ended with a white ﬁxa- 
tion cross shown for 2500 ms plus variable inter-trial interval (mean: 
530 ms). Block and picture order was pseudo-randomized. 
2.3. Data acquisition 
Stimuli were presented using Presentation ® (Neurobehavioral 
Systems) and were viewed by means of a mirror system attached 
to the head coil. In order to reduce head motion, participants’ head 
was immobilized by a vacuum head cushion. Prior to functional runs, 
176 anatomical MDEFT slices ( Deichmann et al., 2004 ) were acquired 
(spatial resolution 1 × 1 × 1 mm, TR = 12.24 ms, TE = 3.56 ms, ﬂip 
angle = 23 ◦, 256 × 224 matrix) on a 1.5 T Siemens Sonata scanner. A 
total of 353 whole-brain volumes (T2*-weighted single-shot gradient 
EPI sequence) were acquired in each of the two runs using the fol- 
lowing parameters: TR = 2120 ms, TE = 40 ms, 38 consecutive axial 
slices, 3 × 3 × 3 mm voxel, ﬂip angle = 90 ◦, FOV = 192 mm, 64 × 64 
matrix. 
2.4. Data analysis 
2.4.1. Self-report and behavioral data 
Analysis of ratings and reaction time (RT) was performed using re- 
peated measures analyses of variance (ANOVAs) with a Greenhouse–
Geisser correction when necessary. Due to technical problems during 
response acquisition RT of one patient is missing. 
2.4.2. Brain imaging data 
Imaging data were analyzed using BrainVoyagerQX (Brain In- 
novation). The ﬁrst four volumes of each functional run were dis- 
carded to allow for T1 equilibration. Preprocessing included slice-time 
correction, realignment, motion correction, co-registration, smooth- 
ing (8-mm Gaussian kernel), temporal smoothing (high-pass ﬁlter: 
5 cycles per run) and spatial normalization into the Talairach space 
( Talairach and Tournoux, 1988 ). 
First, a separate general linear model (GLM) was speciﬁed for 
each subject including parameter estimates of event-related activ- 
ity at each voxel for each regressor. Movement parameters were in- 
cluded as regressors of no interest. The expected blood oxygenation 
level-dependent (BOLD)-signal change was modeled by a canonical 
hemodynamic response function. Contrast images were generated 
and parameter estimates for the parametric regressors were com- 
puted for each individual. Second, the random effects group analysis 
was then performed on the regression coefﬁcients from the analyses 
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Table 1 
Demographic and clinical characteristics of both groups. 
OCD patients ( N = 21) Healthy controls ( N = 21) Statistic 
Mean SD Mean SD t (df = 40) p 
Education, years 12.1 1.5 12.1 1.5 0.10 0.92 
Verbal 
intelligence 
107.3 10.1 110.2 12.4 −0.82 0.42 




STAI-S a 41.8 8.3 28.6 4.8 6.28 < 0.001 
STAI-T b 48.0 8.0 33.9 6.3 6.34 < 0.001 
BDI-II c 12.8 8.8 2.6 3.1 5.00 < 0.001 
MADRS d 8.4 6.3 –
OCI-R e 29.8 10.8 4.2 4.3 10.11 < 0.001 
Y-BOCS f 21.2 6.8 –
a STAI-S = State version of State–Trait Anxiety Inventory. 
b STAI-T = Trait version of State–Trait Anxiety Inventory. 
c BDI-II = Beck Depression Inventory II. 
d MADRS = Montgomery-Asberg Depression Rating Scale. 
e OCI-R = Obsessive–Compulsive Inventory—Revised. 






























































 for the individual subjects by means of a 3 × 2 × 2 analysis of vari-
ance (ANOVA). The three variables were picture type (AV, OC, NE),
strategy (evaluation, distraction), and group (OCD, HC). This analy-
sis produced statistical maps of the main effects and interactions.
Our main interests were in testing the group-by-picture type and
the three-way group-by-strategy-by-picture type interaction in or-
der to test the degree to which OCD-speciﬁc responses to OC stimuli
change during distraction. The signiﬁcance threshold was initially set
at p < 0.005. To correct for multiple comparisons, a spatial clustering
operation was then performed using the cluster threshold estimator
plugin for BrainVoyagerQX with 1000 Monte Carlo simulations. The
minimum cluster size threshold that yielded a false-positive proba-
bility of p < 0.05 was applied to the statistical maps. Since we had
speciﬁc hypothesis for the amygdalae, we performed a region of in-
terest (ROI) analysis of these a priori anatomically deﬁned structures
( Talairach and Tournoux, 1988 ) using a signiﬁcance level of p < 0.05
corrected for the speciﬁc volume of interest. For each signiﬁcantly ac-
tive cluster yielded by the ANOVA, we conducted follow-up analyses
to delineate the nature of the main and interaction effects. 
Symptom dimension scores of OCD were determined using the
Y-BOCS Symptom Checklist ( Goodman et al., 1989a ) according to a
previously described item-based factor-analytic method ( Katerberg
et al., 2010 ). Symptoms were coded with 1 when endorsed currently
or in the past, and with 0 if the patient never experienced the symp-
tom. The ﬁve resulting dimensional scores are: taboo, contamination /
cleaning, doubt, rituals / superstitious and hoarding / symmetry. Mean
scale scores were computed by summing up item scores and dividing
the sum by the total number of items of the respective dimension.
This resulted in ﬁve scores (ranging from 0 to 1) for each patient.
Multiple regression analyses for the OCD group were performed an-
alyzing the prediction of amygdala response to OCD-triggers relative
to neutral stimuli (OC evaluation + distraction − NE evaluation + distraction ) by
the symptom dimension scores from the Y-BOCS Symptom Checklist. 
3. Results 
3.1. Clinical characteristics 
Most patients were multisymptomatic, reported moderate symp-
toms, showed symptoms of mild depression (MADRS), and differed
signiﬁcantly from controls on the BDI ( Table 1 ). While groups didnot statistically differ with respect to demographic variables, OCD
patients reported higher levels of anxiety (STAI). 
3.2. Self-report data 
Arousal and unpleasantness ratings showed a main effect of pic-
ture type (AV = OC > NE; p s < .001; for complete F -statistics see
Supplementary Fig. S1) group (OCD > HC), and an interaction of
group-by-picture type (OCD > HC:OC only). For anxiety ratings also
a main effect of picture type (OC > AV > NE; p s ≤ .015), group
(OCD > HC), and an interaction of group-by-picture type was ob-
served (OCD > HC:OC and AV only). Symptom ratings within the
OCD group showed a main effect of picture type (OC > AV > NE;
p s ≤ .001). Post-scan unpleasantness ratings conﬁrmed the described
effects of picture type and group. The analysis regarding strategy
showed a main effect ( F = 73.4, df = 1,40, p < .001, η2 = .65; eval-
uation > distraction) and interaction of picture type-by- strategy
( F = 22.3, df = 2,80, p < .001, η2 = .36) due to the fact that only
OCD-related and aversive stimuli were rated less unpleasant during
distraction ( p < .001). Overall, these results validated the intended
manipulation of affective states. 
3.3. Behavioral data 
Performance in the distraction task (accuracy overall: 96.7% ± 2.5)
revealed a main effect of group ( F = 4.5, df = 1,39, p = .041, η2 = .10;
OCD mean = 97.5% ± 2.1 > HC mean = 95.9% ± 2.7). Mean ac-
curacy rates were comparable across all picture types. Analysis of
RTs revealed a main effect of strategy (evaluation > distraction; see
Supplementary Table S2) and picture type (OC = AV > NE; both
p s ≤ .001). Furthermore, a three-way interaction was detected (HC:
evaluation > distraction for OC only; p = .006). 
3.4. Brain imaging data 
As noted, our main interest was in statistical tests of group-
by-picture type and group-by-picture type-by-strategy interactions.
Table 2 summarizes regions showing these signiﬁcant interactions.
Results of the main effect of group, picture type, strategy (see data
supplement), and picture type-by-strategy interaction are provided in
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Fig. 1. Stimuli and experimental design. The top panel (A) depicts examples from the stimulus set including OCD-relevant, generally aversive* and neutral pictures. 1 Aggressive 
obsessions, 2 religious obsessions, 3 contamination / washing, 4 checking, 5 symmetry / ordering, 6 hoarding and 7 counting. *The IAPS identiﬁcation numbers of the selected pictures 
are: 1030, 1050, 1070, 1080, 1111, 1113, 1201, 1220, 1300, 1302, 1321, 1930, 1931, 2053, 2692, 2700, 2722, 2752, 2800, 2900, 6020, 9160, 9421, 9440, and 9560. The experimental 
design (B) consisted of two runs containing eighteen blocks (approximately 32,000 ms) each separated by a ﬁxation condition (14,000 ms). Blocks contained an initial instruction 
screen (4000 ms) indicating the type of condition (“unpleasant?” vs. “parallel?”) and six trials of one picture category (OCD-relevant, aversive or neutral pictures). Each trial started 
with a green ﬁxation cross (200 ms) followed by the target picture (1000 ms) and ended with a white ﬁxation cross shown for 2500 ms plus variable inter-trial interval (mean: 


















tupplementary Table S3. No regions survived correction for multiple 
omparisons from the group-by-strategy statistical map. 
.4.1. Group-by-picture type interaction 
Consistent with our predictions, the group-by-picture type inter- 
ction identiﬁed the amygdala bilaterally ( Table 2 and Fig. 2 ). Fur- 
her examination of the interaction revealed that for the right amyg- 
ala this was due to greater activation to aversive relative to neutral 
 p = .043) and OCD-relevant stimuli ( p = .049) in healthy subjects 
nly ( F = 3.38, df = 2,40, p = .044). For the left amygdala patients only 
 F = 3.61, df = 2,40, p = .036) showed increased activation for OCD- 
riggers relative to neutral ( p = .043) and aversive stimuli ( p = .03). An 
nalysis of covariance (ANCOVA) performed on extracted data with 
ndividual trait and state anxiety scores as the covariate revealed 
hat the amygdala group difference for OCD-triggers was indepen- 
ent from anxiety. Moreover, the results of the multiple regression 
nalyses in patients showed that none of the symptom dimensions 
niquely predicted amygdala activity to OCD triggers relative to neu- 
ral stimuli ( p s = .27–.50). Further regions identiﬁed by this interac- 
ion were the left thalamus, caudate nucleus, subthalamic nucleus, globus pallidus, middle temporal gyrus, the right OFC, ventrolateral 
PFC, precuneus / PCC and anterior insula, and bilateral parahippocam- 
pal gyri and cuneus. Follow-up analyses revealed that this was due 
to different patterns of picture type effects in healthy comparison 
subjects and patients ( F range = 3.38–22.58; p < .03–.001). Namely, 
in controls increased BOLD responses to aversive relative to neutral / 
both stimulus categories were observed in the left thalamus, cau- 
date nucleus, subthalamic nucleus, globus pallidus, ventrolateral PFC, 
anterior insula, right parahippocampal gyrus and bilateral cuneus ( p 
range < .036 to .001; see Fig. 2 and Supplementary Fig. S2). Patients 
showed greater responses to OCD-triggers compared to neutral (right 
cuneus; p < .001), aversive (globus pallidus; p = .019, OFC; p = .05) 
or both stimulus categories (thalamus, caudate nucleus, subthala- 
mic nucleus, anterior insula, parahippocampal gyri, middle temporal 
gyrus and precuneus; p range < .05 to .001). The effect in patients’ 
ventrolateral PFC, however, was due to increased activation to neu- 
tral relative to aversive ( p = .007) and OCD-related stimuli ( p = .013), 
whereas controls again showed stronger responses to aversive stimuli 
relative to both picture categories. 
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Fig. 2. Group × picture type interaction during individually tailored symptom provocation in 21 unmedicated OCD patients and 21 healthy controls. Blood oxygenation level- 
dependent (BOLD) responses overlaid on an averaged T1 scan (radiological convention: left = right; p (cor) < 0.05; see Table 2 ) in the amygdala (A), thalamus and caudate nucleus 
(B), globus pallidus and subthalamic nucleus (C), ventrolateral prefrontal (left panel) and orbitofrontal cortex (right panel) (D), and anterior insula (left panel) and parahippocampal 
gyri (right panel) (E) were signiﬁcantly greater during OCD-relevant stimuli compared with aversive and / or neutral control stimuli in OCD patients relative to healthy controls. 
Plots display parameter estimates and error bars represent standard errors (mean ± SEM). 
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Table 2 
Brain regions demonstrating differential BOLD responses during individually tailored symptom provocation in OCD. 
Coordinates 
Brain regions a 
Side 
Brodmann 
area a x y z Volume, mm 3 F value b 
Group-by-picture type interaction 
Subcortical 
Thalamus L −14 −11 14 1198 10.46 
Caudate nucleus / body L −15 −11 18 193 * 7.93 
Subthalamic nucleus L −7 −11 −6 274 17.93 
Lentiform / globus pallidus L −19 −12 −6 260 14.58 
Amygdala R 26 −2 −12 558 8.81 
L −28 −8 −12 937 9.01 
Frontal lobes 
Orbitofrontal cortex R 47 35 31 −6 162 * 7.75 
Ventrolateral prefrontal cortex R 10 26 58 3 517 10.83 
Anterior insula R 13 44 7 12 276 9.43 
Temporal lobes 
Parahippocampal gyrus R 36 35 −29 −21 1182 15.81 
L 27 −22 −32 −1 984 9.11 
Middle temporal gyrus L 19 −37 −80 21 710 9.68 
Occipital lobes 
Posterior cingulate cortex / precuneus R 31 11 −53 27 317 7.99 
Cuneus R 7 11 −68 33 540 9.83 
L 18 −4 −92 21 287 7.94 
Group-by-picture type-by-strategy interaction 
Subcortical 
Amygdala L −28 −5 −11 108 6.42 
Anterior cerebellum R 8 −56 0 334 9.56 
Frontal lobes 
Dorsal anterior cingulate cortex L 24, 31 −10 −11 45 362 7.65 
Parietal lobes 
Insulo-opercular region L 13, 40 −55 −32 18 455 9.88 
a According to the Talairach Daemon atlas ( http: // www.nitrc.org / projects / tal-daemon / ). 
b All activations are effects observed in whole-brain analyses signiﬁcant at p < 0.005 corrected for multiple comparisons p (cor)clusterwise < 0.05 






























t.4.2. Group-by-picture type-by-strategy interaction 
The ROI-driven analysis conﬁrmed a three-way interaction for the 
eft amygdala ( Table 2 and Fig. 3 ) in patients ( F = 5.61, df = 2,40,
 = .007). Thus, in patients only detailed evaluation elicited signif- 
cantly stronger BOLD-response relative to both control conditions 
nd dampening of amygdala activation to OC-triggers occurred dur- 
ng distraction (evaluation > distraction; p = .001). This was also the 
ase for neutral ( p = .003) but not for aversive stimuli. No interac- 
ion of picture type and strategy was observed for healthy subjects 
 p = .32). Moreover, whole-brain analysis identiﬁed a three-way in- 
eraction also in the right cerebellum, left dorsal ACC and postcentral 
yrus including the insula (insulo-opercular region). In all regions 
n interaction of picture type-by-strategy was present for patients 
nly ( F range = 6.29–8.11; p ≤ .004–.001, Supplementary Fig. S3). 
hile no such interaction in healthy subjects occurred in the cere- 
ellum and dorsal ACC it was observed for the insulo-opercular region 
 F = 5.36; p = .018) due to stronger activation to neutral stimuli rel- 
tive to aversive during distraction only ( p < .001). Similarly to the 
mygdala, within the insulo-opercular region and dorsal ACC patients 
howed greater responses to OCD-triggers compared to aversive con- 
rol stimuli during evaluation only ( p s ≤ .011). In the cerebellum, 
atients showed an increased response to neutral relative to aversive 
nd OCD-related stimuli during evaluation only ( p s < .003), while 
Cs showed no such response. 
Further investigation using an analysis of covariance (ANCOVA) 
rocedure to explore the inﬂuence of comorbid anxiety and depres- 
ion using individual trait anxiety and BDI scores as the covariate 
evealed that all main ﬁndings remained signiﬁcant. Additionally, a 
ost-hoc subsample analysis excluding all OCD patients with comor- 
id anxiety disorders ( N = 6) was performed to further explore the 
mpact of comorbidity on the results. As demonstrated by Supplemen- 
ary Table S4, our key ﬁndings including amygdala hyperactivation remained unchanged. 
4. Discussion 
The present study investigates amygdala hyperactivity during 
symptom provocation in a multisymptomatic sample of unmedicated 
patients reporting moderate symptoms. It also aimed at yielding in- 
sights into the effectiveness of distraction in dampening this response 
and thereby the resemblance between OCD and other anxiety disor- 
ders. 
Consistent with our ﬁrst hypothesis, we extend previous ﬁnd- 
ings of left-hemispheric amygdala hyperactivation in patients dur- 
ing passive viewing ( Simon et al., 2010 ) to self-referential process- 
ing of symptom-related compared to aversive and neutral pictures. 
This ﬁnding was independent from individual anxiety and depres- 
sion scores. The observed group difference did also correspond to 
patients’ subjective ratings of arousal, unpleasantness, anxiety and 
symptoms. Using the multidimensional approach ( Mataix-cols et al., 
2005 ), we showed that increased amygdala engagement was present 
across OCD symptom dimensions, indicating that it represents a com- 
mon, anxiety-related neural response pattern. 
The between-group comparison moreover revealed that relative 
to healthy controls, patients showed increased neural responses for 
OCD-relevant relative to neutral and aversive pictures in thalamo- 
basal ganglia circuits (thalamus, caudate nucleus, subthalamic nu- 
cleus), areas implicated in emotion ( Phillips et al., 2003 ) (anterior in- 
sula, parahippocampal gyrus and middle temporal gyrus) and visual 
attention (PCC). Compared to aversive stimuli patients additionally 
showed greater BOLD signal in the globus pallidus and the OFC, and 
compared to neutral stimuli in a visual attention area (cuneus) during 
viewing of OCD triggers. 
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Fig. 3. Group × picture type × strategy interaction in the left amygdala during in- 
dividually tailored symptom provocation in 21 unmedicated OCD patients and 21 
healthy controls. Blood oxygenation level-dependent (BOLD) response observed in 
the ROI-driven analysis overlaid on an averaged T1 scan (radiological convention: 
left = right; p (cor) < 0.05; see Table 2 ). Plots display parameter estimates and error 


































































 These results converge with ﬁndings of hyperactivity in fronto–
striato–limbic circuits during OCD symptom provocation ( Milad and
Rauch, 2012 ). Based on these and previous ﬁndings ( Breiter et al.,
1996 ; Simon et al., 2010 ; van den Heuvel et al., 2004) , amygdalahyper-responsivity to disorder-speciﬁc stimuli might hence consti-
tute a correlate of fear expression in OCD linking it to other anxiety
disorders ( Etkin and Wager, 2007 ). Since comorbid anxiety disorders
did not impact this ﬁnding, we assume that it is not due to non-speciﬁc
group effects. However, aberrant amygdala activity is also reported
e.g., in mood disorders ( Sheline et al., 2001 ), and is possibly not spe-
ciﬁc to anxiety disorders. A distinction from other anxiety disorders
with respect to frontostriatal hyperactivity and attenuated amygdala
response to disorder-independent threat stimuli (faces, scenes) has
been suggested ( Stein et al., 2010 ). Indeed, although affective control
stimuli were rated as more anxiety inducing, arousing and unpleasant
than neutral ones by both groups and patients even reported more
anxiety to aversive pictures than controls, they did not show increased
amygdala responses to these stimuli. In controls, however, enhanced
amygdala engagement in concert with other areas implicated in nega-
tive emotion reactivity ( Phillips et al., 2003 ) (e.g., amygdala, striatum,
insula, parahippocampal gyrus, ventrolateral prefrontal cortex), as
well as in visual processing and maintenance of visuospatial atten-
tion was observed in line with the described main effect of picture
type. The laterality of the amygdala responses converges with ﬁndings
of right-hemispheric amygdala activation when the emotional prop-
erty of a stimulus is visual in nature and obvious to the subjects (e.g.,
generally aversive), and of left-sided amygdala engagement when the
emotional property of a stimulus is cognitively learned and depends
on subjects interpretation ( Phelps et al., 2001 ). 
Besides amygdala hyperactivity, disorder-speciﬁc pictures reliably
elicited an enhanced response in thalamo–striato–cortical pathways
in patients including the thalamus, globus pallidus, subthalamic nu-
cleus, caudate nucleus and OFC. This is in line with their roles in gating
cortical in- and output, in the preservative nature of obsessions and
compulsions ( Deckersbach et al., 2006 ), and in decoding reward and
punishment values of events ( Kringelbach and Rolls, 2004 ), respec-
tively. Activation of the insula, a paralimbic structure associated with
bodily arousal states ( Phillips et al., 2003 ), together with limbic hy-
peractivation, including the amygdala and parahippocampal gyrus
might mediate the clinical expression of anxiety symptoms during
viewing of OCD-triggers. Patients’ increased BOLD-responses found
in the parieto-occipital network (cuneus, PCC), known to be involved
in the active reallocation of attentional resources, could be related
to patients’ effort to shift their attention away from the distressing
stimulus ( Rotge et al., 2008 ). 
As intended by the paradigm and demonstrated by the strategy
main effect both groups showed extensive recruitment of regions
implicated in cognitive control, self-referential processing, emotion,
visual processing and visuospatial attention as a function of evalua-
tion. Distraction was characterized by stronger activation especially
in attention areas including the dorsal ACC ( Kanske et al., 2011 ). How-
ever, a group-by-picture type-by-strategy interaction was observed.
We demonstrate dampening of patients’ amygdala hyperactivity to
OCD-related pictures during distraction. Moreover, as revealed by
the three-way interaction in the dorsal ACC and operculo-insular
region, hyperactivity to OCD-triggers in patients was only present
during evaluation and was dampened through distraction. Patients’
activation within the dorsal ACC might reﬂect elevated arousal during
evaluation of individually relevant stimuli ( Deckersbach et al., 2006 ).
The operculo-insular system is known to process sensory inﬂow be-
fore reaching the amygdala ( Schnitzler et al., 2000 ). Its hyperactivity
could point towards deﬁcient ﬁltering of sensory stimulation which
might result in excessive input into the amygdala. 
In contrast to one previous PET study ( van den Heuvel et al., 2004)
that detected amygdala activation also during distraction, our task
implicated higher attentional load since the picture content was task-
irrelevant and had to be ignored. Thus, higher task-related demands
might have exhausted patients’ capacity to emotionally process OCD
triggers ( Pessoa et al., 2005 ). In contrast to the neuronal level, perfor-
mance and reaction times during distraction did not point towards































































natient’s difﬁculties to disengage attention from symptom-related 
timuli. However, studies on the attentional bias in OCD have yielded 
onﬂicting results (e.g., Moritz et al., 2008 ) and a similar mismatch 
etween behavioral and neural level in OCD has been reported by van 
en Heuvel et al. (2005 ). We assume that the block design may have 
nabled subjects to reach near perfect task performance. Our results 
re consistent with prior ﬁndings of extended down-regulation of the 
mygdala response to emotional stimuli in healthy subjects ( Kanske 
t al., 2011 ; McRae et al., 2010 ) and patients with remitted depres- 
ion ( Kanske et al., 2012 ). Thus, as conﬁrmed by post-scan ratings, 
ttentional distraction also appears to be effective in OCD patients 
nd thereby distinguishes OCD from other anxiety disorders showing 
mygdala hyperactivation also under distraction or masking condi- 
ions ( Rauch et al., 2000 ; Straube et al., 2011) . However, it has to be 
ointed out that patients’ decrease of amygdala activity achieved by 
istraction was comparable to the activation level of healthy controls 
hen viewing aversive pictures. One could assume that the observed 
mygdala down-regulation might thus not be sufﬁcient which could 
lso be related to the fact that only few patients received treatment 
t the time of the study. Although patients performed with higher 
ccuracy in the distraction task without group difference regarding 
eaction time, they did not show compensatory hyperactivation in 
he regulatory network during distraction found in other psychiatric 
isorders ( Kanske et al., 2012 ). However, it has to be pointed out that 
he strategy applied in this study might be better called guided at- 
entional distraction, while other studies request participants to use 
elf-generated distraction. It has been reported that OCD patients use 
elf-generated distraction less frequently than controls ( Amir et al., 
997 ) although this technique was proofed to be effective for man- 
ging clinically signiﬁcant intrusive thoughts ( Najmi et al., 2009 ). 
The lack of patients’ differential amygdala activation during eval- 
ation of generally aversive stimuli might also be explained by their 
ncreased activation to neutral stimuli. Apart from the above men- 
ioned role, the amygdala is associated with broader dimensions of 
nformation processing, including ambiguity ( Pessoa and Adolphs, 
010 ). Hence, amygdala activity to neutral stimuli could reﬂect pa- 
ients’ uncertainty in the decision (Is the picture unpleasant / disorder- 
elevant?) that contained no objective uncertainty for controls ( Stern 
t al., 2012 ). In line with this interpretation, patients exhibited in- 
reased BOLD-responses during evaluation of neutral pictures rela- 
ive to aversive and OCD-relevant stimuli in the cerebellum—a region 
nvolved in somatosensory-motor-related functioning and emotional 
rocessing ( Stoodley and Schmahmann, 2009 ). Consistent with es- 
ablished ipsilateral cerebellar somatotopy the right-lateralized acti- 
ation during the right-handed task could reﬂect patients’ increased 
ffort to perform the requested motor action despite the perceived 
ncertainty. Additionally, given the evidence for functional integra- 
ion of cognition and emotion in the lateral prefrontal cortex ( Pessoa, 
008 ), increased ventrolateral prefrontal activation to neutral stimuli, 
ound in patients across strategies, might reﬂect top-down regulation 
o reduce the impact of these ambiguous distractors during perfor- 
ance. 
In contrast to previous ﬁndings, controls showed no amygdala 
own-regulation to aversive stimuli during distraction ( Kanske et 
l., 2011 ). This might be explained by the relatively easy task since 
ffectiveness of distraction increases with attentional load of a task 
n healthy individuals ( Pessoa et al., 2005 ). 
The following limitations of the present study should be consid- 
red when interpreting the ﬁndings. First, the small sample size of 21 
atients and the fact that not all symptom dimensions (e.g., hoard- 
ng) were equally present in our sample limits deﬁnitive conclusions 
egarding the multidimensional approach, and warrants replication 
nd extension of ﬁndings. Second, our results may be biased by co- 
orbidity. However, the presence of comorbid disorders was not an 
xclusion criterion since it is common and considered a natural phe- 
omenon in OCD patients. A post-hoc subsample analysis to rule out that group differences are systematically due to comorbid anxiety 
disorders showed that the main ﬁndings remained signiﬁcant after 
exclusion and suggested that our results can be attributed to the 
main diagnostic entity of OCD. However, these subsample ﬁndings 
should merely be considered exploratory and preliminary. In order 
to answer the question of speciﬁcity of these ﬁndings a clinical con- 
trol group should be included in future studies. Third, in contrast to 
real-life situations, where fully developed emotional responses need 
to be regulated, our distraction–instruction was presented at once 
with the OCD-trigger. Hence, effectiveness of distraction during OCD 
symptom provocation should also be investigated after induction of an 
emotional response ( Kanske et al., 2012 ). Moreover, further clinically 
relevant self-generated distraction strategies with higher attentional 
load that can be performed in everyday situations (e.g., mental task) 
should be tested and their long-term effect examined. 
In conclusion, the observed hyperactivity within corticosubcor- 
tical loops during symptom provocation seems to reﬂect the neural 
basis underlying the emergence of OCD symptoms. Increased parieto- 
occipital activation may be involved in OCD patients’ attempts to turn 
their attention away from their obsessive thoughts. Amygdala hyper- 
activity in concert with increased activation detected in the insula, 
anterior cingulate cortex (during evaluation) and parahippocampal 
gyri may mediate the clinical expression of anxiety symptoms in OCD 
( Milad and Rauch, 2012 ). This aberrant amygdala response was in- 
dependent from symptom expression on established dimensions and 
dampened by attentional distraction. The clinical impact of distrac- 
tion to manage states of immediate intense feelings of anxiety should 
be further elucidated and alternative emotion regulation strategies 
involving enhanced cognitive modulation (e.g., reappraisal) and their 
effects on brain activity patterns should be investigated. 
Acknowledgments 
We thank the psychotherapists of the OCD outpatient clinic for 
helping with the patient recruitment. This study was supported by 
grant SI 1131 / 2-3 from the Deutsche Forschungsgemeinschaft (DFG). 
We declare that we have no competing ﬁnancial interest. 
Appendix A. Supplementary material 
Supplementary material associated with this article can be 
found, in the online version, at http: // dx.doi.org / 10.1016 / 
j.nicl.2014.03.011 . 
References 
Etkin, A., Wager, T.D., 2007. Functional neuroimaging of anxiety: a meta-analysis of 
emotional processing in PTSD, social anxiety disorder, and speciﬁc phobia. Amer- 
ican Journal of Psychiatry 164, 1476–88. http://dx.doi.org/10.1176/appi.ajp.2007. 
07030504 , 17898336 . 
Deckersbach, T., Dougherty, D.D., Rauch, S.L., 2006. Functional imaging of mood and 
anxiety disorders. Journal of Neuroimaging: Ofﬁcial Journal of the American So- 
ciety of Neuroimaging 16, 1–10. http://dx.doi.org/10.1177/1051228405001474 , 
16483270 . 
Breiter, H.C., Rauch, S.L., Kwong, K.K., Baker, J.R., Weisskoff, R.M., Kennedy, D.N. 
et al, 1996. Functional magnetic resonance imaging of symptom provocation 
in obsessive–compulsive disorder. Archives of General Psychiatry 53, 595–606. 
http://dx.doi.org/10.1001/archpsyc.1996.01830070041008 , 8660126 . 
Simon, D., Kaufmann, C., Musch, K., Kischkel, E., Kathmann, N., 2010. Fronto–striato–
limbic hyperactivation in obsessive–compulsive disorder during individually tai- 
lored symptom provocation. Psychophysiology 47, 728–38, 20158678 . 
van, den Heuvel O.A., Veltman, D.J., Groenewegen, H.J., Dolan, R.J., Cath, D.C., Boellaard, 
R. et al, 2004. Amygdala activity in obsessive–compulsive disorder with contami- 
nation fear: a study with oxygen-15 water positron emission tomography. Psychi- 
atry Research 132, 225–37. http://dx.doi.org/10.1016/j.pscychresns.2004.06.007 , 
15664794 . 
Milad, M.R., Rauch, S.L., 2012. Obsessive–compulsive disorder: beyond segregated cor- 
ticostriatal pathways. Trends in Cognitive Sciences 16, 43–51. http://dx.doi.org/10. 
1016/j.tics.2011.11.003 , 22138231 . 
Najmi, S., Riemann, B.C., Wegner, D.M., 2009. Managing unwanted intrusive thoughts 
in obsessive–compulsive disorder: relative effectiveness of suppression, focused 













































































 distraction, and acceptance. Behaviour Research and Therapy 47 (6), 494–503.
http://dx.doi.org/10.1016/j.brat.2009.02.015 , 19327753 . 
Kanske, P., Heissler, J., Schonfelder, S., Wessa, M., 2012. Neural correlates of emotion
regulation deﬁcits in remitted depression: the inﬂuence of regulation strategy,
habitual regulation use, and emotional valence. Neuroimage 61, 686–93. http:
//dx.doi.org/10.1016/j.neuroimage.2012.03.089 , 22613776 . 
Rauch, S.L., Whalen, P.J., Shin, L.M., McInerney, S.C., Macklin, M.L., Lasko, N.B. et al,
2000. Exaggerated amygdala response to masked facial stimuli in posttraumatic
stress disorder: a functional MRI study. Biological Psychiatry 47, 769–76. http:
//dx.doi.org/10.1016/S0006- 3223(00)00828- 3 , 10812035 . 
Straube, T., Lipka, J., Sauer, A., Mothes-Lasch, M., Miltner, W.H., 2011. Amygdala activa-
tion to threat under attentional load in individuals with anxiety disorder. Biology
of Mood & Anxiety Disorders 1 (1), 12, 22738024 . 
Pessoa, L., Padmala, S., Morland, T., 2005. Fate of unattended fearful faces in the
amygdala is determined by both attentional resources and cognitive modu-
lation. NeuroImage 28, 249–55. http://dx.doi.org/10.1016/j.neuroimage.2005.05.
048 , 15993624 . 
First, M.B., Spitzer, R.L., Gibbon, M., Williams, J.B.W., 1995. Structured Clinical Interview
For DSM-IV Axis I Disorders—Patient Edition New York. Biometrics Research Dept,
New York State Psychiatric Institute. 
Goodman, W.K., Price, L.H., Rasmussen, S.A., Mazure, C., Fleischmann, R.L., Hill, C.L.
et al, 1989. The Yale–Brown Obsessive Compulsive Scale. I. Development, use, and
reliability. Archives of General Psychiatry 46, 1006–11. http://dx.doi.org/10.1001/
archpsyc.1989.01810110048007 , 2684084 . 
Goodman, W.K., Price, L.H., Rasmussen, S.A., Mazure, C., Delgado, P., Heninger,
G.R. et al, 1989. The Yale–Brown Obsessive Compulsive Scale. II. Validity.
Archives of General Psychiatry 46, 1012–16. http://dx.doi.org/10.1001/archpsyc.
1989.01810110054008 , 2510699 . 
Foa, E.B., Huppert, J.D., Leiberg, S., Langner, R., Kichic, R., Hajcak, G. et al, 2002. The
Obsessive–Compulsive Inventory: development and validation of a short version.
Psychological Assessment 14, 485–96. http://dx.doi.org/10.1037/1040-3590.14.4.
485 , 12501574 . 
Beck, A.T., Ward, C.H., Mendelson, M., Mock, J., Erbaugh, J., 1961. An inventory for
measuring depression. Archives of General Psychiatry 4, 561–71. http://dx.doi.org/
10.1001/archpsyc.1961.01710120031004 , 13688369 . 
Montgomery, S.A., Asberg, M., 1979. A new depression scale designed to be sensitive
to change. British Journal of Psychiatry: the Journal of Mental Science 134, 382–9.
http://dx.doi.org/10.1192/bjp.134.4.382 , 444788 . 
Spielberger, C.D, 1983. Manual for the State–Trait Anxiety Inventory (STAI). Palo Alto,
CA: Consulting Psychologists Press. 
Simon, D., Kischkel, E., Spielberg, R., Kathmann, N., 2012. A pilot study on the validity
of using pictures and videos for individualized symptom provocation in obsessive–
compulsive disorder. Psychiatry Research 198, 81–8. http://dx.doi.org/10.1016/j.
psychres.2011.12.022 , 22414659 . 
Lang, P.J., Bradley, M.M., Cuthbert, B.N., 2005. International Affective Picture System
(IAPS): Affective Ratings of Pictures and Instruction Manual. Technical Report A-6.
University of Florida, Gainesville, FL: Center for Research in Psychophysiology. 
Deichmann, R., Schwarzbauer, C., Turner, R., 2004. Optimisation of the 3D MDEFT
sequence for anatomical brain imaging: Technical implications at 1.5 and
3 T. NeuroImage 21, 757–67. http://dx.doi.org/10.1016/j.neuroimage.2003.09.062 ,
14980579 . 
Talairach, J., Tournoux, P., 1988. Co-Planar Stereotaxic Atlas of the Human Brain. New
York: Thieme Medical Publishers. 
Katerberg, H., Delucchi, K.L., Stewart, S.E., Lochner, C., Denys, D.A., Stack, D.E. et al, 2010.
Symptom dimensions in OCD: item-level factor analysis and heritability estimates.
Behavior Genetics 40, 505–17. http://dx.doi.org/10.1007/s10519- 010- 9339- z ,
20361247 . 
Mataix-Cols, D., Rosario-Campos, M.C., Leckman, J.F., 2005. A multidimensional modelof obsessive–compulsive disorder. American Journal of Psychiatry 162, 228–38.
http://dx.doi.org/10.1176/appi.ajp.162.2.228 , 15677583 . 
Phillips, M.L., Drevets, W.C., Rauch, S.L., Lane, R., 2003. Neurobiology of emotion per-
ception I: the neural basis of normal emotion perception. Biological Psychiatry 54,
504–14. http://dx.doi.org/10.1016/S0006- 3223(03)00168- 9 , 12946879 . 
Sheline, Y.I., Barch, D.M., Donnelly, J.M., Ollinger, J.M., Snyder, A.Z., Mintun, M.A., 2001.
Increased amygdala response to masked emotional faces in depressed subjects
resolves with antidepressant treatment: an fMRI study. Biological Psychiatry 50,
651–8. http://dx.doi.org/10.1016/S0006- 3223(01)01263- X , 11704071 . 
Stein, D.J., Fineberg, N.A., Bienvenu, O.J., Denys, D., Lochner, C., Nestadt, G. et al, 2010.
Should OCD be classiﬁed as an anxiety disorder in DSM-V? Depression and Anxiety
27, 495–506. http://dx.doi.org/10.1002/da.20699 , 20533366 . 
Phelps, E.A., O’Connor, K.J., Gatenby, J.C., Gore, J.C., Grillon, C., Davis, M., 2001. Activation
of the left amygdala to a cognitive representation of fear. Nature Neuroscience 4,
437–41. http://dx.doi.org/10.1038/86110 , 11276236 . 
Kringelbach, M.L., Rolls, E.T., 2004. The functional neuroanatomy of the human or-
bitofrontal cortex: evidence from neuroimaging and neuropsychology. Progress
in Neurobiology 72, 341–72. http://dx.doi.org/10.1016/j.pneurobio.2004.03.006 ,
15157726 . 
Rotge, J.Y., Guehl, D., Dilharreguy, B., Cuny, E., Tignol, J., Bioulac, B. et al, 2008. Provoca-
tion of obsessive–compulsive symptoms: a quantitative voxel-based meta-analysis
of functional neuroimaging studies. Journal of Psychiatry & Neuroscience: JPN 33
(5), 405–12, 18787662 . 
Kanske, P., Heissler, J., Schonfelder, S., Bongers, A., Wessa, M., 2011. How to reg-
ulate emotion? Neural networks for reappraisal and distraction. Cerebral Cor-
tex (New York, N.Y.: 1991) 21, 1379–88. http://dx.doi.org/10.1093/cercor/bhq216 ,
21041200 . 
Schnitzler A., Seitz R., Freund H., The somatosensory system. in: A.W. T., J.C. M., (Eds.)
Brain Mapping: The Systems (2000). San Diego, Calif, Academic Press, pp. 291-
329 
Moritz, S., Fischer, B.K., Hottenrott, B., Kellner, M., Fricke, S., Randjbar, S. et al, 2008.
Words may not be enough! No increased emotional Stroop effect in obsessive–
compulsive disorder. Behaviour Research and Therapy 46, 1101–4. http://dx.doi.
org/10.1016/j.brat.2008.05.005 , 18675953 . 
van, den Heuvel O.A., Veltman, D.J., Groenewegen, H.J., Cath, D.C., van Balkom, A.J.,
van Hartskamp, J. et al, 2005. Frontal–striatal dysfunction during planning in
obsessive–compulsive disorder. Archives of General Psychiatry 62, 301–9. http:
//dx.doi.org/10.1001/archpsyc.62.3.301 , 15753243 . 
McRae, K., Hughes, B., Chopra, S., Gabrieli, J.D., Gross, J.J., Ochsner, K.N., 2010. The neural
bases of distraction and reappraisal. Journal of Cognitive Neuroscience 22, 248–62.
http://dx.doi.org/10.1162/jocn.2009.21243 , 19400679 . 
Amir, N., Cashman, L., Foa, E.B., 1997. Strategies of thought control in obsessive–
compulsive disorder. Behaviour Research and Therapy 35 (8), 775–7, 9256520 . 
Pessoa, L., Adolphs, R., 2010. Emotion processing and the amygdala: from a ‘low road ’
to ‘many roads ’ of evaluating biological signiﬁcance. Nature Reviews. Neuroscience
11, 773–83. http://dx.doi.org/10.1038/nrn292010.1038/nrg2867 , 20959860 . 
Stern, E.R., Welsh, R.C., Gonzalez, R., Fitzgerald, K.D., Abelson, J.L., Taylor, S.F., 2012.
Subjective uncertainty and limbic hyperactivation in obsessive–compulsive dis-
order. Human Brain Mapping 34, 1956–70. http://dx.doi.org/10.1002/hbm22038 ,
22461182 . 
Stoodley, C.J., Schmahmann, J.D., 2009. Functional topography in the human cerebel-
lum: a meta-analysis of neuroimaging studies. Neuroimage 44, 489–501. http:
//dx.doi.org/10.1016/j.neuroimage.2008.08.039 , 18835452 . 
Pessoa, L, 2008. On the relationship between emotion and cognition. Nat. Re-
views in the Neurosciences 9 (2), 148–58. http://dx.doi.org/10.1038/nrn2317 ,
226176662193977320948583208774291820973214650848 . 
